Incorporating Prior Knowledge Regarding the Mean in Bayesian Factor Analysis by Rowe, Daniel B.
DIVISION OF THE HUMANITIES AND SOCIAL SCIENCES
CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA, CALIFORNIA 91125
INCORPORATING PRIOR KNOWLEDGE REGARDING THE MEAN IN
BAYESIAN FACTOR ANALYSIS
Daniel B. Rowe











IT U T E O F











ﬀﬂﬁﬃ "!# $% &#'
!







































































































Ûﬃ! #" $&%(')%+*, OÝ- $ . ' *, . /0 %2143657%










































































































































































































f l Y!h l k l c^Y!
 




































































































































































































































































































































































































































































































































































ÛYØÝ æo´v¶¿ ´m¯¸£½O³µ³µ½¶±m¼E¼?¸£»£²±³f»´v· ÛÙvÝ 
Â¨¼K½/¶µ»½·E²/½
ÛñvÝ ®¼E¼½±m¶µ±m·E²½ ÛŁØSívÝ &¶»Æv½
Û=û[Ý ®²±mÀ?½¿»£²±mÅE»¸£»a³h¹ ÛŁØvØSÝ ®¿'ÅE»³µ»£´v·
Û¾ìjÝ ï»äm½±ÅE»£¸»¹ ÛŁØñmÝ ê"¶f±mº¼
ÛQvÝ ÕR½¸¯dÖV²´v·¨ÏoÀE½·?²½ ÛŁØSûvÝ ÓÇ´m³f½/·j³µ»d±m¸
Û=[Ý ïÈE²/»£ÀE»a³h¹ ÛŁØì[Ý r"½½/·E·E½/ºµº³µ´-ã´v»£·












      ﬀ ﬁ ﬂ =¥  ﬃ ﬃ  ﬃ
  ﬀ   ﬁ ﬀ ﬁ ﬁ  ﬁ ﬂ ﬀ  ﬀ =¥
 ﬂ =¥  ﬁ =¥ ﬂ ﬂ =¥  ﬂ ﬂ ﬁ ﬁ ﬁ =¥
 ﬀ ﬁ   ﬂ ﬁ ﬂ ﬀ  ﬂ ﬂ ﬁ  ﬁ =¥
   ﬁ    ﬂ  ﬁ   ﬁ ﬀ  
  ﬁ ﬁ ﬁ   ﬂ  ﬁ   ﬁ ﬁ ﬀ ﬀ
 ﬀ ﬀ ﬀ  ﬁ ﬀ =¥  ﬂ   ﬁ   
ﬀ ﬂ ﬂ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ =¥ ﬁ =¥ ﬁ ﬂ ﬁ =¥
ﬁ ﬂ ﬂ ﬂ ﬁ ﬂ ﬂ ﬁ ﬁ =¥ ﬂ =¥ ﬂ ﬂ ﬂ =¥
ﬂ ﬂ ﬂ ﬀ ﬁ ﬁ ﬁ ﬁ  ﬂ ﬁ ﬂ ﬁ ﬁ ﬁ =¥
=¥  ﬀ =¥  =¥ =¥ ﬀ =¥  =¥ =¥ =¥ ﬂ  =¥
  ﬀ =¥ ¥ =¥ ﬁ  ﬂ  ﬂ =¥ ﬁ =¥  
ﬃ  ﬀ =¥  =¥ =¥ ﬀ ﬁ  ﬁ ﬁ =¥ =¥  ﬀ
ﬃ  ﬂ ﬁ =¥   ﬂ      ﬀ  ﬁ
 ﬁ ﬂ ﬁ ﬂ   ﬁ      ﬀ  
ﬃ  ﬁ ﬁ ﬀ   =¥  ﬀ      
ﬃ  ﬂ  ﬀ ﬁ ﬂ ﬁ ﬂ ﬁ ﬁ ﬀ  ﬁ  =¥
ﬀ ﬁ ﬀ ﬀ ﬀ ﬂ  ﬁ   ﬀ ﬁ   ﬀ ﬁ
ﬃﬁ  ﬁ ﬁ  ﬁ ﬁ      ﬀ   
ﬃﬂ  ﬀ ﬁ  ﬀ ﬁ      ﬁ   
¥  ﬁ ﬀ ﬁ ﬁ ﬂ =¥    ﬀ ﬂ ﬁ ﬁ ﬂ
v  ﬁ  ﬁ ﬁ ﬁ =¥    ﬀ ﬁ ﬁ  ﬁ
 ﬂ ﬁ ﬀ ﬁ ﬂ =¥ =¥ =¥  =¥ ﬁ =¥ ﬁ =¥ ﬁ
 ﬀ =¥ ﬀ ﬂ ﬂ ﬂ =¥ =¥  ﬂ ﬂ =¥ ﬂ =¥ ﬁ
  ﬂ ﬁ ﬀ =¥ ﬁ =¥ =¥ =¥  ﬂ ﬀ ﬂ ﬂ =¥ ﬁ
  ﬂ ﬀ ﬀ   ﬂ        
 ﬀ ﬁ ﬀ ﬁ   ﬁ        
!ﬀ  =¥ ﬀ ﬂ ﬁ ﬂ =¥     ﬀ   
ﬁ        ¥ ¥   ¥ ¥  ¥
ﬂ      ¥ ¥ ¥ ¥   ¥ ¥  ¥
¥     ﬂ  =¥       ﬀ 
v    ﬀ ﬁ  =¥       ﬁ 
    ﬀ ﬀ ﬂ =¥     ﬀ   
    ﬀ ﬀ ﬂ =¥        
        ﬁ        
  ﬀ    ¥ ﬂ ¥  ¥     
 ﬂ ﬁ     ﬁ        
!ﬀ  ﬂ   =¥ ﬁ ﬁ ﬂ   ﬂ ﬀ   
ﬁ  ﬂ   ﬂ ﬂ ﬀ ﬂ   =¥ ﬁ   
ﬂ =¥  ﬂ =¥ ﬂ =¥ =¥ =¥ =¥ =¥ ﬁ =¥ =¥ =¥ =¥
¥ =¥  ﬂ =¥ ﬂ =¥ =¥ =¥ =¥ =¥ =¥ =¥ =¥ =¥ =¥
( =¥ ﬀ ﬁ ¥    ¥ =¥  ¥  ¥ ¥ =¥
! =¥  ﬁ ¥   ¥ ¥ =¥ ¥ ¥ ¥ ¥ ¥ =¥
!   ﬂ ﬁ           ﬁ
 ﬀ ﬀ ﬀ  ﬂ ﬁ ﬁ  ﬁ ﬁ =¥ ﬁ ﬁ  
! ﬂ  =¥ ﬂ ﬀ ﬀ =¥     ﬀ ﬁ  
! ﬂ ﬁ =¥ =¥ ﬀ ﬂ =¥    ﬀ ﬂ ﬂ  
"ﬀ ¥ ﬀ =¥   ¥ =¥ ¥ ¥   ¥ ¥ ¥ ¥








































í í í í B ð B ð í Bð í B ð B ð Bð Bð í í
í í Bð í í í í í í í í í í í í
Bð í í í í í í í B ð í í í í í Bð

























 §2`xjR_ªZM]SU TY©ª ªZM]SU t[]Sn"RkxZ2ªZM]SU riŁ`lgSi
ªZM]SU

















7 7 }S}v{M} 7 }S}<8: ~m98<2j{A7 7;:<84848
~ :m98<2|~>2 :m98<2?:41 2[B7}v{A7 7;:<84848






















{65 :m ~4:S~4: :m ~4:S}4: :m;1S~7<: 7;:<84848



















       
 ¥FE ﬀﬀ  ¥FE ¥¥ ( G8¥FE\!ﬁ ¥FE ¥!ﬀ ﬁ ¥FE ﬁ¥ G<¥FE ¥ﬁ¥ G<¥FE ¥!ﬀﬀ  ¥FE ¥ﬂ!ﬀ
 ¥FE ﬀ!¥ G<¥FE ¥ "ﬀ0¥ G8¥FE ¥¥!ﬀ  ¥FE\ﬃ ¥FE ﬀ ﬁ  G<¥FE ¥!ﬀ ¥FE ¥ ! ¥FE\ﬃ!ﬀ
ﬁ ¥FE ﬀ v G<¥FE ¥¥¥ G8¥FE ¥¥ G<¥FE ¥ ¥FE ﬀ ﬂ G<¥FE ¥ﬂ!ﬀ ¥FE ¥ ! G<¥FE ¥v=¥
=¥ ¥FE vﬃﬂ G<¥FE ¥vﬀ0¥ ¥FE ¥!ﬀ  ¥FE ¥  ¥FE vﬃv G<¥FE ¥v ¥FE\ﬃﬁﬁ ¥FE ¥ﬂﬂ
 ¥FE ﬀ! G<¥FE ¥ ( G8¥FE ¥ﬂ G<¥FE ¥v ¥FE ﬀ vﬃ G<¥FE ¥ﬂ ( ¥FE ¥  G<¥FE ¥vﬃﬂ 
ﬃ ¥FE ﬂ ( G<¥FE ¥ !v ¥FE\ﬃ¥ ¥FE\ﬃﬁ ¥FE !ﬀ G<¥FE ¥¥  ¥FE\ﬀ ﬂﬂ ¥FE\ﬃﬂﬁ
ﬃ ¥FE vﬃ¥ G<¥FE ¥¥ﬁ ¥FE\ﬃ "ﬀ ¥FE  !!ﬀ ¥FE ﬁv ¥FE ¥vﬃﬂ ¥FE\ﬀﬀ ﬂ ¥FE  !ﬂ
 ¥FE ¥¥ﬂv ¥FE !ﬀ ﬁ ¥FE vﬃ!ﬀ ¥FE ¥vﬃ ¥FE ¥vﬃ ¥FE ﬀ  ¥FE ¥ !¥ ¥FE ¥ !
 G<¥FE ¥¥v ¥FE ¥v!ﬂ ¥FE ﬁﬂ ¥FE\=¥ !ﬁ G8¥FE ¥ﬂ G<¥FE\ﬃﬁ ¥FE ﬁ (ﬃﬁ ¥FE\¥
ﬂ G<¥FE ¥ﬂﬁ G<¥FE ¥vﬃﬂ ¥FE ﬂﬁ ¥FE ¥ﬂv G8¥FE\ﬃ¥ ¥FE ¥!ﬀ  ¥FE ﬀﬃ ¥FE ¥ !ﬂ
ﬃ ¥FE\ﬃﬂ G<¥FE\=¥!ﬀ ¥FE ﬁv ¥FE ¥ﬁ ¥FE\ﬃ G<¥FE ¥ﬁﬁ ¥FE ﬀﬀ  ¥FE\=¥
 ¥FE ¥ﬁv G<¥FE ¥ﬁ!ﬀ ¥FE ¥¥!ﬀ ¥FE ﬀ !ﬀ ﬂ G8¥FE ¥  G<¥FE ¥ ! ¥FE\=¥ ¥FE ﬀ 
ﬀ ¥FE\=¥ ¥ G<¥FE ¥¥ !ﬂ G8¥FE\ﬃ!ﬀ ¥FE ﬀﬃ ¥FE ¥!ﬀ ﬂv G<¥FE ¥v=¥v G<¥FE ¥ﬁ!ﬀ ¥FE ﬀ !ﬀ 
 ¥FE ﬂ¥ G<¥FE ¥!ﬀ  ¥FE\ﬃ ¥FE ¥ ¥FE vﬃﬂ G<¥FE ¥ !ﬁ ¥FE\ﬃﬁ¥v ¥FE ¥ﬂ









       
 ¥FE ﬀﬃﬁ GJFE !ﬁﬂ ¥FE vﬃﬂ G<¥FE !ﬀﬀ ¥FE ﬀ ﬁ GJFE !ﬂﬁ ¥FE ¥  G<¥FE !!ﬀ
 E ¥ﬂ G<¥FE ﬁﬁ ¥FE ﬁﬁ ¥FE !ﬀ !ﬀ E ¥ﬂv GjE ¥ ¥FE ﬀ ﬁﬂﬁ ¥FE ¥¥
 ¥FE ﬂvﬃ GjE ﬂ  ¥FE ¥ G<¥FE\=¥!ﬀ  ¥FE ﬂﬂv GJFE ﬁ¥ﬁ ¥FE v=¥ ¥FE ¥ﬂ 
 G8¥FE vﬀﬀ G<¥FE\ﬃﬂ  ¥FE ¥¥ G<¥FE ¥vﬃ  G<¥FE ! "ﬀ ¥FE vﬃ ¥FE ¥¥!ﬀ  ¥FE ¥ﬁ!ﬀ
 G8¥FE ﬂvﬃ G<¥FE ﬀ vﬃ ¥FE\ﬃ!ﬀ  ¥FE ﬀ0¥ GjE ¥v ¥FE !ﬀ G<¥FE ¥!ﬀ ﬂ ¥FE !ﬀﬃ
 G8¥FE ¥¥ﬁ G<¥FE\ﬃﬁ ¥FE vﬃ ¥FE ﬁ!ﬀ ﬁ ¥FE ¥ﬂﬂ G<¥FE ¥!ﬀﬀ ﬁ ¥FE  "ﬀ ¥FE !ﬂ
ﬀ ¥FE ¥¥ ¥FE\ﬃﬁ!ﬀﬀ ¥FE ﬁvﬃ  ¥FE\ﬃﬂvﬃﬁ ¥FE ﬁ!ﬀ ﬁ ¥FE v ¥FE ﬁ¥vﬃ ¥FE\ﬃﬁﬂ¥
ﬁ ¥FE ¥ﬂ ¥FE ﬂ !ﬂv ¥FE ﬀ! ¥FE ¥ﬂv ¥FE   E ¥v=¥ ¥FE ﬀ  ¥FE\ﬃ
ﬂ ¥FE ﬂﬁ G<¥FE !vﬃ E\ﬃ¥ ¥FE  ¥FE !ﬀ ¥ G<¥FE ¥ E ¥ﬂﬂ ¥FE !ﬀ ﬁ
=¥ FE ! !ﬁ E (ﬃ  ¥FE ﬀ ﬂ  GjE ¥ FE "ﬀ ﬁ FE ¥ﬁvﬃ ¥FE ﬀ! GjE ﬂ
 E ﬀ0¥ﬂ E\ﬀ ﬂ G<¥FE ¥ﬂ GJFE ﬁ !ﬂ E ﬀ  FE ¥ G<¥FE !ﬀ GJFE ﬁﬂ
ﬃ FE\ﬃ E\ﬀﬃ ¥FE  G<¥FE ﬁ¥ FE\( FE ¥!ﬀ !ﬀ ¥FE  G<¥FE 
ﬃ G8¥FE ﬂ !ﬁ G<¥FE\ﬃ¥ G<¥FE\ﬀ  E ¥ﬁ GjE ¥ﬁ ¥FE ﬁ G<¥FE  !v E\ﬃﬂ
 G8¥FE ﬁ G<¥FE\ﬃv ¥FE ¥ﬂﬁ ¥FE ﬂ!ﬀ ﬁ G<¥FE ¥ ¥FE "ﬀ  ¥FE  !ﬂ ¥FE ﬀ ﬂ
ﬃ G8¥FE ﬁvﬃﬁ G<¥FE !ﬀ ﬁ ¥FE\ﬃﬂ  ¥FE ﬁﬁ G<¥FE ﬁﬁﬂ ¥FE ¥ "ﬀ G<¥FE\ﬃvﬃﬂ ¥FE ﬀ ﬂ!ﬀ ﬁ
ﬃ ¥FE  ! GjE ﬁ ¥FE ¥!ﬀ G<¥FE ¥vﬃ ¥FE ﬁ  G<¥FE ﬂﬁﬂﬂ ¥FE ﬂ G<¥FE ¥¥ﬂ
ﬀ ¥FE\ﬃv ¥FE !ﬁv ¥FE "ﬀ ﬁﬂ ¥FE ¥ﬂv ¥FE\ﬃﬂﬂ G<¥FE ¥ﬁﬂ!ﬀ ¥FE ﬂﬂ ¥FE ¥ﬂv
ﬃﬁ ¥FE ¥ﬂvﬃ E\"ﬀ  G<¥FE vﬀ  GjE\ﬀ ¥ ¥FE\ﬃ ! ¥FE !ﬀ ﬂv G<¥FE ¥ﬂ GjE\=¥ﬂ¥
ﬃﬂ ¥FE\=¥v ¥FE ﬁﬁ G<¥FE ¥¥ﬂﬁ GjE !ﬀ   ¥FE ¥!ﬀ  ¥FE !ﬀ ﬂv ¥FE ¥ !  GjE vﬀ
¥ ¥FE ﬀ0¥  G<¥FE (ﬃ¥ G<¥FE\ﬃ!ﬀ ﬂ ¥FE ﬀﬃﬁ ¥FE ﬀ0¥ﬂ G<¥FE\ﬃ¥ G<¥FE\ﬃ ¥FE ﬂ !ﬁ 
v ¥FE ﬀﬀ  GjE ! G<¥FE ¥¥  ¥FE ﬂ¥ ¥FE ﬀﬀ !ﬀ G<¥FE ﬀ ﬂﬂﬂ G<¥FE\ﬃ ( E ¥ (
 E ¥!ﬀ v ¥FE ﬀﬀ G<¥FE\ﬃﬁ ¥FE !ﬀ!ﬁ E ¥ﬁ!ﬀ  G<¥FE v ¥FE\ﬃ¥  ¥FE ﬁvﬃv
 ¥FE ﬁv=¥ ¥FE\ﬃﬁ G<¥FE ﬀ  ¥FE ﬀ ¥v ¥FE ﬁ ! G<¥FE !ﬀ G<¥FE   ¥FE ﬂ
  ¥FE ﬀ ﬂ!ﬀ ¥FE vﬃﬁ G<¥FE !¥ E\ﬃ¥ ¥FE ﬀ0¥ G<¥FE !ﬀ0¥ G<¥FE\ﬃ E v=¥ﬂ
 G8¥FE ﬁ (ﬃ G<¥FE  ! G<¥FE ﬂ ¥FE ﬁ G<¥FE ﬂ !ﬂ G<¥FE\ﬀ  G<¥FE  ¥ﬁ ¥FE !ﬁvﬃ
 G8¥FE ¥v G<¥FE ! ¥FE  !ﬂ ¥FE ¥ G<¥FE v=¥ G<¥FE\! ¥FE  ! ¥FE vﬀﬀ
!ﬀ ¥FE !!ﬀ ﬂ GjE ¥¥¥ G<¥FE ﬀﬀ=¥ E vﬃ¥ ¥FE !!ﬀ G<¥FE\ﬃﬂ G<¥FE ﬁﬂ!ﬀ  E vﬃ
ﬁ G E ﬁ!ﬀ ﬂ ¥FE ﬁ¥ﬂ GjE\ﬃ¥ GjE !ﬀ  GjE !ﬀ GjE ¥ﬁ G<¥FE ﬂﬂﬂ GjE !
ﬂ GKFE ¥v GjE\ﬃﬁﬂ GJFE ﬁﬁ GJFE  GJFE ﬁ GjE ﬂﬂﬂ GJFE ﬂ GJFE ﬂﬂﬁ
¥ G8¥FE ﬁ!ﬀﬀ ﬂ ¥FE\=¥ﬂ GjE\!¥ ¥FE  ! G<¥FE  ¥ GjE v G<¥FE ﬂ !ﬁ ¥FE !ﬁ
v G8¥FE ﬀ ﬁﬁ G<¥FE ¥ GjE\ﬃﬁﬁﬂ ¥FE  !¥ G<¥FE ¥ﬂ GjE ﬂﬂ!ﬀ GjE ¥ ! ¥FE ﬀﬃ
 ¥FE\ﬃﬁﬁﬂ GjE ¥ !¥ G<¥FE ﬁﬂ ¥FE ﬁ!ﬀ ﬁ ¥FE ¥!ﬀ GjE\ﬃ¥ G<¥FE ﬂﬂ ¥FE ﬂ !ﬁ
 G8¥FE\! G<¥FE ﬂ ! GjE ¥!ﬀ ﬁﬁ ¥FE ﬀ ﬂ  G<¥FE ¥vﬃﬂv GjE\ﬃ GjE ¥ﬁ!ﬀ ¥FE ﬂ
  G E ﬂ G<¥FE vﬃﬁ GjE  G<¥FE !!ﬀ  GjE (ﬃ G<¥FE ﬁ GjE ﬁﬁ G<¥FE !ﬁﬂ
 G E ﬂ GjE  !ﬁ G<¥FE  ! G<¥FE ¥vﬃﬁ GjE  !¥ GjE ﬂﬂ!ﬀ ﬂ G<¥FE\ﬃ G<¥FE !ﬀ ﬂ
 G8¥FE ¥  G<¥FE ﬁ¥ ¥FE ﬁﬁv G<¥FE\ﬃ!ﬀ  G<¥FE ¥v GjE ﬂ¥ ¥FE !¥ G<¥FE\ﬃ
!ﬀ E  !!ﬀ G<¥FE\ﬃﬁ!ﬀ G<¥FE ﬁ!ﬀ  G<¥FE ¥v E  !ﬂ G<¥FE !ﬀ0¥ G<¥FE  !ﬁ G<¥FE ¥ﬁ
ﬁ ¥FE ﬂ¥ﬂﬁ G<¥FE !ﬀ  GjE ¥vﬀ G<¥FE !ﬀ  ¥FE ﬂ¥ G<¥FE ﬀ ﬁvﬃﬁ GjE v G<¥FE !
ﬂ ¥FE !ﬀ0¥¥ E ﬁ¥ ¥FE ﬁ E\=¥vﬃ ¥FE ﬂ E\ﬃﬂ ¥FE ﬀ !ﬀ E 
¥ ¥FE ﬀ! E "ﬀ v ¥FE  !ﬂ E\!ﬂ ¥FE ﬀ ﬁﬁﬂ E\ﬃ!ﬀ ¥FE ﬀ v E  !ﬂﬁ
( G E  !!ﬀ G<¥FE ﬁ FE ﬂvﬃﬂ!ﬀ GJFE !ﬀ  GjE ﬀ  ! ¥FE ¥ FE ﬀ  !ﬁ GJFE ﬂﬂ
! GKFE\( ¥FE\ﬃﬁ FE ﬁ GJFE ¥!ﬀﬃ GJFE !ﬀ=¥ ¥FE ﬁvﬃﬂﬁ FE vﬃﬁ GJFE !ﬁﬁ¥
! G E ﬂ¥ G<¥FE ¥vﬃﬂ G<¥FE  "ﬀ G<¥FE\ﬃﬁ GJFE ¥ E ﬁﬁ G<¥FE  ( G<¥FE ¥ﬁ
 ¥FE ﬀ!  G<¥FE ¥!ﬀ v ¥FE ﬁ G<¥FE ¥  ¥FE ﬀ ﬂ!ﬀ G<¥FE\=¥ ¥FE\ﬃ G<¥FE\=¥ﬂ 
! ¥FE ﬁ!ﬀ  E ﬁ¥v E ¥ !ﬂ E ﬂ ¥FE ﬀ ¥¥ FE\ﬃ E ¥ﬂﬂ E !ﬀ 
! E ¥v E ﬁﬂ ¥FE ﬁ¥ ! E ﬂ  E\ﬃ¥ FE ¥v ¥FE ﬁ E ﬀﬀ 
"ﬀ G E !ﬀ ﬁv E ﬀ ﬂvﬃ GjE !ﬀﬀ ¥FE ¥ﬁ GjE\! FE ﬂ GjE ! G<¥FE ¥¥




























































































































































































































































































































































































































[ Q R S T U V W
_

__ _
[
_
Q
_
R
_
S
_ X
Q

TYW
X

RU
_]X

Rz[YU
X _
VYQ
_]X

TYWU
X _
[YU

Z
X

WYR
_^X
[ TYWYW
X
[YSYU[R
X
[ QYWYQ
X
[

V
X _
QS[V
X _
WYTYW
X
Q
_
R

X _

QYW
[
X
R
_
U[
X

RYQS
X

SYU[
X

[ Wz[CZ
X

RYW
X

R
X __
S[V
X

V

W
X

Qz[
_^X _
[ WYT
X

S[Wz[
X

UYS
_^X

T

[
X

W
_
S
Q
X

_
U[R
X

RS[V
X

_
QYQ
X

QYQ

Z
X

_
WYR
X

U[TYR
X

VYWz[
X

TYRYV
X

S[Q
_]X

RYQYQ
X

S[WYV
X

Tz[ V
X

S[TYT
R
X
[

U

X

RYVS
X _
RYRYQ\Z
X __
WYW
X
[YS[TS
X
[ VYQ
_]X
[
_
QYQ
X _
V
_
[
X _
R
_

X
[

_^X
[[ TYW
X _
V
_
T
S
X

WU[V
X

Q

Q\Z
X

RYV
X _

WYW
X _
S
_
R
X

VYVYT
X

U[WYW
X

_
UYU
X

RYRYR
X _
[

_ X

S[RYT
T
X _
VYQYV\Z
X

U[Vz[
X
[
__
[
X
[ TSYU
X _
S[R

X

WYWS
X _
R

U
X _
RYRS
X _
WYR
_ X _
QYVYT
U
X

Wz[YSHZ
X

WYT

Z
X

WYWYW\Z
X

UYU[QCZ
X

UYS

Z
X

TUYUCZ
X

WU[TCZ
X

VS[T Z
X

TYVYW
V
X
S[Qz[
_]X
SYS[QYR
X
R

S[V
X
[ VYVU
X
[
_

S
X
Q

S[Q
X
QYVYTYR
X
QYQYVYW
W
X
V
_

X
RYW
_
R
X
QS[RU
X
[ WU[R
X
R

TU
X
RYQYTYW
X
QYTU
_
_

X
RYVYW
_^X
[YS[TYV
X _
U[Vz[
X
Q

T

X
QU[RYT
X
Q
_
V
_
__ X
[YU

T
X _
R
_
T
X
[
_
RYR
X
[YU[Q
_ X _
WYQYW
_
[
X
[

U[
X _
Wz[ W
X
[[[YU
X _
S[QYR
_
Q
X
Qz[[YU
X
[YU[VYR
X
[[ WYW
_
R
X
RYVYRYV
X
[ Tz[YS
_
S
X
QYQYQYR
Øì
Ì±mÅE¸£½1ÀE»ºµ¼E¸£±S¹Rº"³fÃ?½¥ê"»£ÅEÅ?º"ºf±m¿¼E¸£»·EÄ¬±m·EÀ
Ñ
÷2ø ½/º³µ»£¿±³f½/ºﬂ´¯³µÃE½À?»£º³µÈE¶ŁÖ
Åo±m·?²½²´SÆ±m¶µ»£±m·E²/½ﬂ¿±³µ¶µ»aÂKË
` a
cﬃ­.
®îÒ±S¹m½º»d±m·¬º³f±³f»º³µ»£²±¸K¿´¨À?½¸É±mº2À?½/³±»£¸£½/ÀF»·FÉÃE»£²Ã6±Æ±m»£¸£±mÅE¸½c¼?¶µ»£´m¶»£·¨¯¾´v¶ŁÖ
¿±³f»´v·ö½/»³µÃE½¶¯¾¶µ´v¿4ºÈEÅEºŁ³±m·[³f»aÆv½1½MÂ?¼½¶Ł³fº'´m¶¼E¶½/ÆR»£´mÈEºI½MÂ?¼½¶»£¿½·[³fº»£ºﬂ»£·E²/´v¶ŁÖ
¼´v¶f±³µ½ÀË®-·±mÀEÀE½/Àö¯¾½±|³fÈE¶½´m¯³fÃE½Ò±¹m½ºµ»£±m·¯=±m²O³f´v¶ﬂ±m·E±m¸¹Rºµ»º"¿´RÀE½/¸»£º"³fÃo±|³
³fÃ?½#³µÃE½¶½»º·E´¦·?½½Àu³f´¬¶µ´³±³µ½#³µÃE½¯=±m²/³µ´v¶¸£´[±ÀE»£·EÄ1¿±³µ¶µ»aÂKËÌ2ÃE½¶µ´³±³µ»£´v·»º
±mÈ?³µ´v¿±³f»²±m¸¸¹u¯¾´vÈE·EÀËÊ®cÆ±m»£¸£±mÅE¸£½1¼?¶µ»£´m¶»·?¯¾´v¶¿F±³µ»£´v·ß¶½Ä[±¶µÀE»·EÄu³µÃE½¡¼´v¼EÈ?¸d±|Ö
³f»´v·Ð¿½±m·ßÉ±º»·E²´v¶¼K´m¶f±³µ½À±m¸£´m·EÄÉ»³fÃß³µÃE½¬´m³fÃE½/¶¼E±m¶f±m¿½/³µ½¶º'³fÃE¶´vÈEÄvÃÜ±
¼E¶»£´v¶ÀE»º³f¶»£ÅEÈ¨³f»£´m·Ë2Ò¹6»£·?²´v¶¼K´v¶µ±³f»·EÄ#¼E¶µ»´v¶cäR·?´É¸½ÀEÄm½I¶µ½/Ä[±m¶ÀE»£·EÄ#³fÃ?½I¿½±m·×
½ºŁ³f»¿F±³µ»£´v·F´m¯»a³±m·EÀ¬³fÃE½´m³µÃE½¶2¼E±m¶f±m¿½/³µ½¶ºc¿±¹¥Å½»£¿¼E¶µ´SÆv½/ÀË
$% cbv &
 &c ".
ÜxØﬂßﬂ®IËd
2Ëê½/¸¯=±m·?ÀÎ±m·?ÀÎ®IË
æËø Õ¨¿»³fÃ:ËúÕ?±¿¼E¸»£·EÄÅE±mºµ½/Àú±m¼E¼?¶µ´[±m²Ã?½º³µ´
²±m¸²ÈE¸£±³f»·EÄu¿F±m¶Äv»£·E±m¸À?½·Eº»³f»½º/Ëfehg?ikj6lnmpoqg!rtsuhvxwzy{vAjA|}Fmpl~smps|Asﬃ|}Fmpo
wc$4g4}A|ﬃmpsﬃ|g?lo×EÚAMﬁ ûmÙvÚg·Rì[ímÙ?×:ØSÙmÙví?Ë
Ü ñXßIÕKË:ê½/¿F±m·±m·EÀP'Ë:ê½/¿F±·Ë"ÕR³µ´¨²ÃE±mº³µ»£²I¶½¸£±|Â?±³f»´v·×:ê»ÅEÅEºcÀE»£ºŁ³f¶µ»ÅEÈ?³µ»£´v·Eº
±m·EÀI³µÃE½2Ò±¹m½ºµ»£±m·¶µ½/º³µ´v¶f±³µ»£´v·´m¯»£¿±mÄv½/ºËL$ddjmplL>mk}Asﬃ|g?lLg?lqLmpsﬃs!vAj6l
mplnmpoKŁA|qmplnyOmk}$uk|Ylv|YlhsvAoYoK|NkvAl}$vO×JIﬁ ðvñ¨ØD·¨ðìEØv×KØSÙvÚmìEË
Ü ûbßKrË
ô-±¹[±mºÃE» Ëuhvj$v$$A ~uk|NkvAyOm?AimpŁv$A|ﬃmplmk}Asg?jOwzlnmpoKŁA|]g>kvAo

|YsYudAs|YyOmpsvF^ zŁ6hvAj Lmpjmpy{vAsvAj$OËÜÓÃh ³µÃE½º»£º/×C&½¼E±m¶³µ¿½/·j³´m¯&Óº¹[Ö
²ÃE´v¸´vÄm¹v×
½
·E»aÆv½¶ºµ»a³h¹1´m¯â´v¶Ł³fÃ¡÷±m¶µ´v¸»£·o±¨×E÷Ão±¼K½/¸ôc»£¸¸ ×¨â&÷ëñmðAmÙvÙ?×KØSÙvÙ[ðRË
Øg
Ü ìßIøöËr"½/·EÀo±m¸¸ Ë¡¢ikoKsﬃ|Y£?mpjA|ﬃmpsv¤wzlnmpoKŁ4A|OË÷Ão±m¶µ¸½ºê"¶µ»N¥·1Ô÷´m¿¼o±·j¹Fï¨Ì'×
ï´v·EÀE´v·:×Eºµ½/²´v·EÀ¦½ÀE»a³f»´v·×:ØÙvÚví?Ë
ÜÀXß¦'Ë¨§'Ëï»£·?ÀE¸£½O¹ß±m·EÀÜ®IË
æËøuËÕR¿»a³fÃËÐÒ±¹m½ºF½/º³µ»£¿±³f½/º#¯¾´m¶#³µÃE½6¸£»£·?½±m¶
¿´RÀE½/¸ Ëehg?ikj6lnmpo¨g!r©suhvªg?Łpmpo~s mpsﬃ|Asﬃ|}Fmpo~g4}A|vAsŁ«×oûmìoÛŁØÝM×ØSÙ[ðvñRË
Ü~bßﬂ®IËÞ'óõô-±mÄm½·Ë­¬«vAln®mpoYo¯h°wp£?mpl}$vF±uhv$g?j6Ł²g!r³~smps|Asﬃ|}$$´µng?oKi¶y{v¢·p
¤mpŁ®v$A|ﬃmplAl<r<vAj3vAl}$vOËµm´mÃE·s©ü»¸£½O¹1±m·EÀ¦Õ¨´m·Eº
Ñ
·?²mËa×â½/É¹¸´v¶µä×ØSÙmÙmìEË
Ü ðXßIÕKË7µ?ËKÓ¶µ½/ºµºËºwH®noK|vF³i¶oKsﬃ|Y£?mpj6|ﬃmps!vqwzlnmpoKŁA|>»¢¼A|YlkmpŁv$A|ﬃmplmplnj3vA
½
ivAlhsﬃ|Ash¾vAsYuhg>?g!r¿Al<r<vAj3vAl}$vOËvé´vÅ½¶³À
2Ëgr"¶µ»½Äv½/¶ÓÈEÅE¸»£ºµÃ?»£·EÄ÷´v¿¼o±m·[¹v×
ø¡±m¸£±mÅo±m¶/×Eæ¸´v¶µ»Ào±?×ØSÙvÚ[ñ¨Ë
Ü ÚbßIÕKËSµ?ËjÓ¶µ½/ºµº/Ë¿¤mpŁ®v$A|ﬃmpl{~s mpsﬃ|Asﬃ|}$>»\j6|Yl}A|¯nov$$´¾g>kvAo¯$´¡mplnwH®noK|}Fmps|g?lLOË
µm´vÃE·È©ü»£¸½/¹¥±m·EÀ¡Õ¨´v·Eº/×â½/É¹¸´v¶µä×ØSÙmÚvÙ?Ë
Ü ÙbßIÕKË?µ?ËÓ¶½ºµºﬂ±m·?À6rËÕRÃE»£Äv½/¿F±ºµÈËÒ±¹v½/ºµ»d±·ö»·?¯¾½¶½·E²/½»£·¯=±m²O³f´v¶±m·E±m¸¹Rºµ»ºË
Ñ
·ÂÁg?lhsj6|ﬃÃ>iks|g?lLs!g¢j3gpÃ$m®Ã>|YoK|YsﬃŁmplnP~s mpsﬃ|Asﬃ|}$O×²Ão±¼?³f½/¶6Øa¨Ë
Õ¨¼E¶»£·EÄm½¶ŁÖ
§
½¶¸d±mÄE×KØSÙvÚvÙ¨Ë
ÜxØSíbßIÕKË7µ?ËÓ
¶½ºº±·EÀ rËÕ¨ÃE»Äv½¿±mºÈËﬂÒ±¹v½º»d±m·u»£·¨¯¾½¶µ½/·E²½»·¡¯=±m²O³f´v¶"±·o±m¸¹Rº»£ºŁÖ
éc½OÆR»£ºµ½/ÀËÌ½/²ÃE·E»²±m¸:éc½/¼K´v¶Ł³âc´EË?ñì[û?×¶&½¼o±¶³f¿½·[³´m¯ÇÕR³f±³f»º³µ»£²º/×
½
·E»Æm½¶YÖ
ºµ»a³h¹¥´m¯÷±m¸£»a¯¾´v¶µ·?»d±?×¨éc»aÆv½/¶µºµ»ÀE½m×÷®òÙ[ñvñ¨Øv×Eø¡±¹ÁØSÙvÙ[ð¨Ë
ÜxØvØﬂß¦'ËÒ-ËÇéc´SÉ½mËÄÁg?j6j3vAoNmps!vFÅmpŁv$A|ﬃmplmk}As!g?jqwzlnmpoKŁ4A|OË1ÓÃh+³µÃE½º»£º/×¡&½OÖ
¼o±m¶Ł³f¿½·[³´m¯
Õj³±³µ»£º³µ»£²/º×
½
·E»Æm½¶µº»³h¹¬´m¯÷±m¸»¯¾´v¶·E»d±?×¨é»Æv½/¶µº»£ÀE½×:÷®òÙ[ñvñ¨Øv×
&½²/½¿'Å½¶"ØSÙmÙvÚ?Ë
Øa
ÜxØñXß¦'ËÒËé´SÉ½ËÞ&·ú½/º³µ»£¿±³f»·EÄö³µÃE½¿½±m·ú»·ÊÒ±¹v½/ºµ»£±m·ú¯=±m²/³µ´v¶1±m·E±m¸¹Rºµ»ºË
Ì½/²ÃE·E»²±m¸2é½¼´v¶Ł³1ØSívÙA¨×d&»ÆR»£º»£´v·ö´m¯ôÈE¿±m·E»a³f»£½/º'±m·?ÀÕ¨´¨²/»d±m¸Õ¨²»½·E²/½º/×
÷±m¸³µ½²Ã×Ó±mºf±ÀE½·o±¨×÷®Ù?ØmØñA¨×µmÈE¸¹1ñmívíví?Ë
ÜxØSûbß¦'ËÒËé´É½u±m·EÀ ÕKË±µ?ËÓ¶µ½/ºµº/Ë°ê"»£ÅEÅEººf±m¿¼E¸»£·EÄ±m·EÀüÃE»£¸¸²¸£»¿'ÅE»·EÄ»·
Ò±¹v½/ºµ»d±·ç¯=±m²/³µ´v¶±m·o±¸¹Rºµ»ºËÌÇ½²ÃE·?»£²±¸2éc½/¼K´m¶³#âc´EËñA¨×d&½¼E±m¶³µ¿½/·j³I´m¯
ÕR³±|³f»£ºŁ³f»²º×
½
·E»aÆv½/¶µºµ»a³h¹¬´m¯÷±m¸£»a¯¾´v¶µ·E»£±?×Réc»aÆv½/¶µºµ»ÀE½m×÷®òÙ[ñvñ¨Øv×ø¦±S¹ØSÙvÙvÚ?Ë
ÜxØìß¦'ËEøuËEÕ¨Ã?½¶f±¨ËÆ¤mpŁ®v$A|ﬃmplxmk}Asg?j\wzlnmpoKŁ4A|OËÓÃhë³µÃE½º»£º/×oô-±m¶ŁÆ±m¶µÀ
½
·E»Æm½¶YÖ
ºµ»a³h¹v×Õ¨²Ã?´¨´v¸´¯ÓÈEÅE¸»£²ôc½±m¸a³fÃ×oÒ´vº³µ´v·×ø¦®òí[ñ¨ØmØg¨×ø¡±¶µ²Ã¡ñmívíví?Ë
Øð
